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© Coil for eiectrical machines and method of manufacturing the coil. 



© Coil for arrangement in slots in a stator or rotor 
of an electrical machine, in particular a high voltage 
coil, and method for manufacturing the coil. The coil 
comprising a bundle (17) of conductors (18) ar- 
ranged ad)acent to ' each other.Each conductor is 
provided with a conductor insulation (19) and a main 
insulation (14)' surrounds the bundle for insulation of 
the bundle against the walls of the machine slot. The 
main insulation comprises a wrapping of a tape-or 
sheet-formed insulating material, wound in several 
layers around the conductor bundle and comprising 
^a layer with small mica flakes w&ich, as well as the 
<J space between layers of mica flakes in the wrapping, 
contains a cured impregnating resin. According to 
0 the invention at least that part of the impregnating 
CO resin located in the spaces between the mica layers 
^ contains particles of a filler material with an intrinsic 
^thermal conductivity of at least 5 W/mK and with a 
CM grain size of the particles of 0.1-1 5 urn in at least 90 
0 per cent by weight of the filler material. 
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Coil for arrangement in slots in a stator or rotor of an electrical machine and method for manufactur- 
ing the coil 



The invention relates to a coil for arrangement 
in slots in a stator or rotor of an electrical machine 
according to the precharacterising part of Claim 1 
and to a method for manufacturing the coil. 

A coil which is arranged in slots of a stator or 
rotor of an eiectrical machine often comprises a 
bundle of a plurality of conductors located adjacent 
to each other, each conductor being provided with 
a conductor insulation for insulating the conductors 
from each other. The bundle may consist of several 
turns of one single insulated conductor or of sev- 
eral separate insulated conductors, which are elec- 
trically connected to each other at their ends, usu- 
ally in parallel. 

The conductor bundle is surrounded by a main 
insulation for insulating the bundle against the wails 
of the machine slots. Because of the high demands 
on the main insulation with regards to its resistance 
to corona discharges, the main insulation is to a 
considerable extent built up of mica. Normally, the 
main insulation consists of a wrapping of a sheet-or 
tape-formed insulating material build up of a layer 
of small mica flakes overlapping each other and ar 
ranged on a carrier material, for example a woven 
glass fibre. An impregnating resin may be applied 
in and on the above-mentioned sheet-or tape- 
formed insulating material, for example by pre- 
impregnating the insulating material with the resin 
which, when the insulating material is applied ar- 
ound the conductor bundle, binds the different lay- 
ers in the main insulation to each other and to the 
conductor bundle. However, such a resin may in- 
stead be supplied after the insulating material has 
been applied around the conductor bundle and 
possibly also after several such insulated conductor 
bundles have been placed in the machine slots and 
have been connected together to form a winding. 
The insulated conductor bundle as such, and when 
it is included in the winding, is then impregnated 
with an impregnating resin, irrespective of the way 
in which the impregnating resin is supplied, it is of 
the utmost importance that the impregnating resin 
to the greatest possible extent fills up voids in the 
wrapping of insulating material, to keep the occur- 
rence of possible corona discharges at a lowest 
possible level. The resin will then penetrate into the 
mica layers as well. 

It is greatly desired that the main insulation has 
a good thermal conductivity because increased 
thermal conductivity results in increased power rat- 
ing of the machine. 



To improve the thermal conductivity of a mica 
insulation for eiectrical machines, JA-A- 
127564/1987 proposes incorporating a powder of 
an inorganic material with a better thermal con- 

5 ductivity ; in mica, such as boron nitride or alu- 
minium oxide, into the mica layer together with 
synthetic fibres such as polyamide fibres, the task 
of the fibres being to serve as a reinforcing ma- 
terial for the mica insulation. The manufacture of 

w the known mica insulation takes place by treating a 
suspension of small mica flakes, the powder of the 
inorganic material, and the synthetic fibres in ac- 
cordance with a method similar to that used in 
paper manufacture while forming a sheet-formed 

75 product. This causes the powder of the inorganic 
material, together with the synthetic fibres, to be- 
come embedded into the mica layer. When the 
mica insulation is later impregnated with an im- 
pregnating resin, the embedded power particles 
20 facilitate the impregnation. In the known case, the 
particle size of the powder of inorganic material is 
30-100 am. 

The invention aims at developing a coif of the 
above-mentioned kind the main insulation of which 

25 exhibits a considerably increased electric strength 
while at the same time the other properties of the 
insulation are retained, such as mechanical prop- 
erties, thermal properties, the internal corona level 
and the dissipation factor as a function of tempera- 

30 ture and voltage. 

To achieve this aim the invention suggests a 
coil according to the introductory part of Claim 1, 
which is characterized by the features of the char- 
acterizing part of Claim 1 . 

35 Further developments of the coil according to 

the invention are characterized by the features of 
the additional Claims 2 to 4. 

A method for manufacturing a coil according to 
the invention is characterized by the features of the 

40 characterizing part of Claim 5. 

Further developments of this method are char- 
acterized by the features of the additional Claims 6 
to 8. 

According to the invention a powder of in- 
45 organic material is incorporated in the impregnating 
resin which powder has a good thermal conductiv- 
ity and a particie size of 0.1-15 am. 

Preferably, the intrinsic thermal conductivity of 
the filler amounts to at least 10 W/mK and the size 
50 of the particles amounts to 0.7-5 um in at least 90 
per cent by weight of the filler. 

The invention is particularly adapted for use in 
electrical machines for normal voltages in excess 
of 3 kV. « 
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The filler material may be distributed both in 
that part of the resm which is arranged in spaces 
between mica layers and in that part of the resin 
which is arranged in mica layers. The filler material 
may also - at least in all essentials - be distributed 
only in that part of the resin which is arranged in 
spaces between mica layers, whereby the mica 
layer, at least in all essentials, remains free from 
filler material. 

The mica layer consists of a mat of small mica 
flakes, produced in a known manner by splitting of 
ordinary mica and treatment of a suspension in 
water of the small mica flakes, thus formed, in 
accordance with a method similar to that which is 
used in paper manufacture. The mat, which is self- 
supporting, consists of small mica flakes, overlap- 
ping each other, with a size of less than 5 mm 2 , 
preferably less than 2 mm 2 , which are held bound 
to each other by molecular forces acting between 
them. The splitting of the mica may, for example, 
take place by first heating the mica and then sub- 
jecting it to the effect of two consecutive solutions 
which react while developing gas. 

The mica layer is normally attached to a carrier 
material, which preferably consists of a woven 
glass fibre but which may sometimes also consist 
of paper or of a fabric or mat of fibres of cotton or 
asbestos or a synthetic polymer, such as 
pofyethyieneglycol terephtalate or polyamide. 

As examples of suitable impregnating resins 
which may be of conventional kind, may be men- 
tioned solvent-free resins such as epoxy resins, 
unsaturated polyester resins, modified epoxy resins 
such as epoxynovolak resins and siloxane resins. 

Of the total volume of impregnating resm and 
the filler, active for the thermal conduction, of the 
above stated kind in the mam insulation, the vol- 
ume of the filler constitutes 5-50 V preferably 10- 
35 % 

0* the total volume of mica, possible carrier 
material, impregnating resin and filler, active for the 
thermal conduction, in the main insulation, the vol- 
ume of mica preferably constitutes 20-40 %, the 
volume of carrier material preferably at most 15 %. 
and preferably 5-15 %. the volume of the impreg- 
nating resin preferably 30-60 %. and the volume of 
the filler active for the thermal conduction prefer- 
ably 10-30 %. In addition to the filler mentioned, 
the insulation may to a limited extent contain other 
powdered additives such as finely-divided silicon 
dioxide. 

A feasible explanation of the markedly im- 
proved electric strength obtained by the invention 
is that the fine grain fractions of the filler active for 
the thermal conduction, due to efficient dispersion, 
provides a very good homogeneity in the mixture 
of impregnating resm and filler. This means that the 
voids which may arise in the insulation and which 



may lead to electric breakdowns become less pro- 
nounced than with using coarser grams. Another 
explanation may be that the propensity to damage 
the mica layers is smaller for small grains than for 

5 larger ones. This is probably of particular impor- 
tance for that embodiment of the invention in which 
the mica layer is, in all essentials, free from filler. 

According to the method for manufacturing a 
coil according to the invention the insulating ma- 

jo tenal in the main insulation may be impregnated 
with the impregnated resin either alter the insulat- 
ing material in the form of the wrapping has been 
applied around the conductor bundle, or before the 
insulating material is applied around the conductor 

is bundle to form a wrapping. In the former case, the 
filler active for the thermal conduction is supplied 
to the impregnating resin prior to the impregnation. 
In the latter case, the filler may be supplied prior to 
or after the impregnation. When supplying it after 

20 the impregnation, the filler may; for example, be 
applied as a surface layer on the impregnated 
insulating material before it is shaped into a wrap- 
ping around the conductor bundle. 

The invention will now be described m greater 

25 detail with reference to the accompanying drawings 
showing - by way of example - in 

Figure 1 a side view of a coil for an electrical 
machine, 

Figure 2 the same coil in cross-section, 
30 Figure 3 a small part of the main insulation 

of the same coil in cross-section. 

The coil according to Figure 1 has straight 
parts 10 and 11 intended to be placed in the stator 
slots of a |high voltage machine and bent end 
35 connections' 1 12 and 13 extending outside the slots 
of the machine. It is provided with a micaceous 
main insulation 14 according to the invention. The 
coils has terminals designated 15 and 16. 

40 

Example 1_ 

As will be clear from Figure 2, the coil accord- 
ing to Figure 1 comprises a bundle 17 of several 

45 conductors 18 arranged adjacent to each other, 
each conductor being provided with a conductor 
insulation 19. The conductor insulation 19 may. for 
example, consist of a wrapping of glass yarn im- 
pregnated with a binder, for example an epoxy 

so resin or an alkyd resin, which has then been cured, 
or of a wrapping with a thin mica tape or of a 
varnish layer only of such type as is normally used 
when varnishing wire for electric machines and 
apparatus, such as terephtalic acid alkyds, polyes- 

55 ter imides, polyimides, silicones, etc. Around the 
conductor bundle 17 the previously mentioned 
micaceous mam insulation 14 is arranged. The 
main insulation 14 is made by winding with* for 
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example, half an overlap of an insulating tape, for 
example having a width of 25 mm and consisting of 
an 0.09 mm thick self-supporting layer of small 
mica flakes, overlapping each other, fixed to an 
0.04 mm thick woven glass fibre tape with an 0.006 
mm thick polyethylenegiycol terephtalate film. 
Upon fixation, the film melts partially and is accu- 
mulated at contact surfaces between mica tapes 
and giass fibre threads. Such an insulating tape is 
described in the DE-C-1 199 348. When the bundle 
has been provided with a wrapping of, for example, 
twenty layers of the mica tape placed one upon 
each other, the winding is first evacuated at a 
pressure of 0.1 mm Hg and at a temperature of 
40° C. whereafter an impregnating resin containing 
boron nitride having a grain size of 0.5-1.5 urn is 
supplied at the mentioned pressure for impregna- 
tion of the wrapping. When all resin has been 
supplied, the pressure is raised to. for example, 10 
kp/cmv The resin may consist of 100 parts by 
weight of an epoxy resin, which in a known manner 
has been manufactured 'of epichiorhydrin and 4.4'- 
dioxydiphenyl-dimethylmethane and which has an 
epoxy equivalence of 192, and 100 parts by weight 
of a curing agent consisting of a mixture of 75 
parts by weight hexahydrophtalic acid anhydride 
and 25 parts by weight tetrahydrophtalic acid anhy- 
dride. The volume of boron nitride in the resin 
amounts to 30 % of the total volume of boron 
nitride and resin. During the impregnation, res/n 
with boron nitride penetrates into spaces between 
the mica layers and at least the resin also pene- 
trates into the mica layers themselves. In order for 
the resin not to penetrate out of the insulation 
during the subsequent curing, the impregnated 
conductor bundle with the mica tape wrapping may 
be surrounded by a sealing tape of polytetrafluoro 
ethylene or the like. The coil is then placed in a 
forming tool for curing of the resinous material. The 
curing takes place at a temperature of about 160°C 
and for a period of about 10 hours. Figure 3 shows 
a section through a few of the layers of the insulat- 
ing tape of which the insulation 14 is composed. 
The mica layers are referenced 20, glass fibre 
threads in the i}lass fibre tape 21 and spaces 
between the mica layers 22. In the finished coil, 27 
% of the total volume of the main insulation con- 
sists of mica, 45 % of resin, 20 % of boron nitride, 
and 8 % of glass fibre. 

Example 2 

A coil is manufactured using an impregnating 
tape which is impregnated with impregnating resin 
prior to being wrapped around the bundle 17 
(Figure 2), -which may be of the same kind as in 
Example T The resin contains an unsaturated poly- 



ester resin made of adipic acid (1 1 mole per cent), 
phtalic acid anhydride (11 mole per cent), maieic 
acid anhydride (23 mote per cent), and 
ethyleneglycol (55 mole per cent), to which have 
5 been added, on the one hand, diallyi phthalate m 
such an amount that the diallyi phthalate consti- 
tutes 40 % of the total weight of polyester resin 
and diallyi phthalate and, on the other hand, ben- 
zoyl peroxide in an amount corresponding to 1 % 
w of the weight of the whole resin. In addition, alu- 
minium oxide with a grain size of all the grains of 
2-4 urn has been added to the resin in such an 
amount that the aluminium oxide constitutes 30 % 
of the total volume of resin and aluminium oxide, 
is The polyester resin itself can be manufactured 

by reaction of a mixture of the mentioned acids 
and the alcohol in inert atmosphere by increasing 
the temperature to 220° C and maintaining this 
temperature until the acid value of the reaction 
20 product is about 30. Prior to the impregnation of 
the insulating tape, the aluminium oxide is added to 
100 parts by weight of the resin, and these 100 
parts by weight of the resin are diluted with 100 
parts by weight acetone. The insulating tape, which 
25 may be of the same kind as that described under 
Example 1. can be impregnated with the resinous 
material at room temperature and atmospheric 
pressure. Thereafter, after the solvent has been 
driven off. the impregnated mica tape is wound 
30 around the conductor bundle 17 with half an over- 
lap into thirty layers, placed one upon the other, in 
order to form the main insulation 14. The coil is 
then placed in a forming tool for curing the re- 
sinous material at a temperature of 160° C for a 
35 period of three hours. 

In the finished coil, 27 % of the total volume of 
the main insulation consists of mica. 45 % of resin. 
20 % of aluminium oxide, and 8 % of glass fibre. 

40 

Example 3 

A coil is manufactured using an insulated tape 
which is impregnated with impregnating resin with- 

45 out the addition of a filler prior to the wrapping of 
the insulating tape around the conductor bundle 17 
(Figure 2), which may be of the same kind as in 
Examples 1 and 2. The impregnating resins con- 
sists of 100 parts by weight of epoxynovolak M DEN 

so 438" (Dow Chemical Co.) and 3 parts by weight of 
the boron trifluorideamine complex rt HZ 935 J50" 
(Ciba Geigy AG). The surface of the impregnated 
insulating tape is coated with an even layer of 
aluminium oxide with a grain size of 2-4 urn in all 

55 the grains. The amount of aluminium oxide then 
const) tutes 30 % of the total volume of resin and 
aluminium oxide. The tape provided with the coat- 
ing is wound around the conductor bundle 17 4 with 
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half an overlap into thirty layers, placed one upon 
the other, to form the main insulation 14. The coil 
is then placed in a forming tool for curing the resin 
at a temperature of 160° C for a period of 8 hours. 
Then the filler wiif not or only to a minor extent 
penetrate into the resin located in the mica layer 
20. but will remain completely or in all essentials in 
the spaces 22 between the mica layers. In the 
finished coil, 27 % of the total volume of the main 
insulation consists of mica, 45 % of resin, 20 % of 
aluminium oxide, and 8 % of glass fibre. 

Example 4 

A coil is manufactured in the same way as 
under Example 3 except for using this time the 
impregnating resin described in Example 1 and 
aluminium oxide with a gram size of 10 urn. The 
curing of the resin is performed at a temperature of 
160° C for a period of 10 hours. 

Example 5 

A coil is manufactured in the manner described 
in Example 3 but with the difference that the alu- 
minium oxide is not arranged as a coating on the 
surface of the insulating material but in the form of 
a coating on a thin tape in the form of a mat or 
fabric of a polymer fibre, for example fibre of 
polyethyleneglycol terephthaiate or polyamide. The 
thin tape with the aluminium oxide coating is then 
wound together with the insulating tape around the 
conductor bundle to form the mam insulation. 

The boron nitride and aluminium oxide in Ex- 
ample 1-5 can be replaced by the same amount of 
aluminium nitride, silicon nitride, magnesium oxide, 
beryllium oxide, or silicon car bide or by the same 
amount of a mixture of two or more of these 
substances and boron nitride and aluminium oxide, 
the grains preferably having a grain size of 0.7-5 
am. 

Although many unsaturated polyester resins 
and epoxy resins suited for impregnation of elec- 
trical insulations are known, some additional exam- 
ples of such resins will be mentioned. Thus, for 
example, there may be used a polyester consisting 
of 60 parts by weight of a reaction product of 3 
mole maieic acid anhydride, 1 mole adipic acid, 
and 4.4 mole ethylenegiycol with an acid value of 
30. and of 40 parts by wp-ght diallyl phthalate and 
containing 0.75% benzc oeroxide, and a pojyes- 
ter resin consisting of 70 parts by weight of a 
reaction product of 1 mole fumaric acid, 1 mole 
phthalic acid, and 2.2 mole propylene glycol with 
an acid value of 25, and of 30 parts by weight 
monostyrene and containing 0.5% benzoyl perox- 



ide, as well as an epoxy resin consisting of 100 
parts by weight "Epon 328" (Shell Chemical Co.) 
and 65 parts hexahydrophthalic acid anhydride, an 
epoxy resin consisting of 85 parts by weight 

s "Araldit F h , 100 parts by weight "Hardener 905" 
(both from Ciba AG, Switzerland) and 15 parts by 
weight phenylglycidyl ether, or an epoxy resin con- 
sisting of 100 parts by weight "Dow 331" (Dow 
Chemical Co.) and 65 parts by weight 

?o tetrahydrophthaiic acid anhydride. 



Claims 

'5 1. Cot! for arrangement in slots in a stator or 

rotor of an electrical machine, in particular a high 
voltage coil, comprising a bundle (17) of conduc- 
tors (18) arranged adjacent to each other each 
conductor being provided with a conductor insula- 

20 tion (19),. with a main insulation (14) surrounding 
the bundle for insulation of the bundle against the 
walls of the machine slot, the mam insulation com- 
prising a wrapping of a tape-or sheet-formed in- 
sulating material, wound in several 'layers around 

25 the conductor bundle and comprising a layer (20) 
with small mica flakes which, as well as the space 
(22) between layers of mica flakes in the wrapping, 
contains a cured impregnating resin, character- 
ized in that at least that part of the impregnating 

30 resin located in the spaces between .the mica lay- 
ers contains particles of a filler material with an 
intrinsic thermal conductivity of at least 5 W/mK 
and with a grain size of the particles of 0.1-15 urn 
in at least 90 per cent by weight of the filler 

35 material. 

2. Coil according to Claim 1 , characterized rn 
that the intrinsic thermal conductivity of the filler 
amounts to at feasi 10 W/mK and the size of the 
particles amounts to 0.7-5 am in at least 90 per 

40 cent by weight of the filler material. 

3. Coil according to Claim 1 or 2, character- 
ized in that the filler material preferably consists of 
one or more of the following substances: Boron 
nitride, aluminium nitride, silicon nitride, aluminium 

45 oxide, magnesium oxide, beryllium oxide, and sili- 
con carbide. 

4. Coil according to any of the preceding 
Claims, characterized in that part of the resin 
which is ar ranged in mica layers (20) is at least in 

so all essentials free from filler material. 

5. Method of manufacturing a coil according to 
any of the preceding Claims, characterized in that 
the impregnating resin is arranged in the wrapping 
(14) by impregnating the coil, after the wrapping 

55 has been applied around the conductor bundle 
(17), with impregnating resin in uncured state con- . 
taming the filler material, and by thereafter curing 
the impregnating resin. 4 
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6. Method according to Claim 5, character- 
ized in that the impregnating resin is arranged in 
the wrapping (14) by impregnating the tape-or 
sheet-formed insulating material, prior to its wind- 
ing around the conductor bundle, with the impreg- 5 
nating resin in uncured state, by then winding the 
impregnated insulating material around the conduc- 
tor bundle (17) into a wrapping and by thereafter 
curing the impregnating resin. 

7. Method according to Claim 6, character- 10 
ized in that the filler material is supplied to the 
impregnating resin before the insulating material is 
impregnated with the impregnating resin. 

8. Method according to Claim 6, character- 
ized in that the filler material is supplied to the 75 
impregnating resin by being applied on the surface 

of the insulating material after the insulating ma- 
terial has been impregnated with the impregnating 
resin. 

20 
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